We use household survey data from Senegal to model the effects of empowerment within the home on married women's wellbeing. The estimated effects of empowerment are at least as large as more conventional development indicators, such as household consumption. The size of the empowerment effect is robust to alternative estimation techniques, including an Instrumental Variables estimator.
INTRODUCTION
There is strong evidence from cross-country studies for a positive correlation between measures of women's empowerment and other dimensions of human development (McGillivray, 2005) , a correlation that is driven by causal effects in both directions (Doepke et al., 2012) . 1 In this sense, the empowerment of women is an integral part of the development process. Correspondingly, one of the Millennium Development Goals is to 'promote gender equality and empower women,' while one of the Sustainable Development Goals is to 'achieve gender equality and empower all women and girls.' However, progress towards these goals has been slow: according to the United Nations, 'Gender inequality persists and women continue to face discrimination in access to education, work and economic assets' (www.un.org/millenniumgoals/gender.shtml). Rappaport (1984) observes that, 'Empowerment is viewed as process: the mechanism by which people… gain mastery over their lives. However, the content of the process is of infinite variety.' While cross-country studies provide evidence for broad trends, country-specific studies can do justice to the variety to which Rappaport alludes. In this paper, we use survey data from rural Senegal to model the effects on married women's wellbeing of their level of empowerment.
Our key measure of empowerment is motivated by ethnographic research which implies that for women in Senegal, empowerment is closely tied to the opportunity to spend time outside the home.
Our data reveal substantial variation in the empowerment of women, 2 and we find the effect of this variation on women's wellbeing to be large when compared with the direct effects of more 1 This positive correlation is not a foregone conclusion. For example, the economic empowerment of wives may
give husbands an incentive to step up the use of domestic violence in order to retain the balance of power in the household; see for example Chin (2012) .
2 traditional development indicators such as household income. On average, the probability of poor wellbeing outcomes for the least empowered women is about 30 percentage points higher than the probability for the most empowered. This result suggests that women's empowerment is important not only in its own right but also as a determinant of other development outcomes, and that the effect of development policy will depend crucially on the interaction of empowerment with other dimensions of development. The next section reviews the literature on women's empowerment and wellbeing; this is followed by a discussion of the data, and then the statistical model.
LITERATURE REVIEW
The existing literature on women's empowerment and wellbeing comprises several different types of study that use different measures of empowerment and different empirical methods. Firstly, some studies (which we designate 'type-1') use household survey data to measure the effect of natural experiments involving shocks that ought to raise the proportion of household income or wealth that is under women's control, or to raise their degree of control. Here, the key dimension of empowerment is control over economic resources, and the key dimensions of wellbeing are the consumption, health and education of the women or their children, there being some evidence that women value children's consumption more highly than do men. Examples of such natural experiments include changes in marriage or inheritance laws (Deininger et al., 2013; Rangel, 2006) and shocks to gender-specific income (Duflo, 2003; Qian, 2008) ; all of these authors find results implying that empowerment improves outcomes for women and/or children. Other authors find similar results by using Instrumental Variables estimators to analyze changes in conditions which affect control over resources but which might not be exogenous (Doss, 2001; Duflo and Udry, 2004) . Correspondingly, field studies involving gender-specific cash transfer programs show that transfers to women are more beneficial to children, on average, than are transfers to men (Behrman 3 and Hoddinott, 2005; Bobonis, 2009; Lim et al., 2010; Maluccio and Flores, 2005 ).
In type-1 studies, empowerment is viewed in terms of control over economic resources, and changes in the level of control are not observed directly, but assumed to be correlated with a certain type of economic shock. There is another type of study (which we designate 'type-2') in which empowerment is viewed more broadly (not just in terms of economic resources) and measured more directly. Such studies use survey data on women's decision-making power within the home in order to estimate the effect of empowerment. In the surveys, respondents -either husbands or wives, or both -indicate who has a say in a range of household choices, for example decisions about household purchases, or whether the wife goes to seek formal healthcare, or whether she is allowed to make visits to her relatives. Women are taken to be most empowered when they make these decisions alone, and least empowered when their husband makes these decisions alone. Several authors (for example Allendorf, 2007 Allendorf, , 2010 Furuta and Salway, 2006; Maitra, 2004; Mistry et al., 2009) report evidence that these indicators of empowerment are positively correlated with health outcomes such as access to antenatal care, delivery of children in hospital, child nutrition, or vaccination against common infectious diseases.
A related literature ('type-3') incorporates a wider range of outcomes but focuses on a particular correlate of empowerment: the incidence of domestic violence. Here, there is strong evidence that violence leads to poor outcomes, whether the outcome is a specific physical health characteristic (Dunkle et al., 2004; Miner et al., 2011) or mental health and subjective wellbeing (see the survey by Golding, 1999) .
In addition to these quantitative studies, there is also an ethnographic literature on women's empowerment. Of particular relevance to this paper is Perry (2005) , who reports the results of fieldwork in rural Senegal. Perry documents a trend towards greater empowerment resulting from 4 the Senegalese structural adjustment programs of the 1980s and 1990s. Structural adjustment led to a removal of agricultural subsidies received by male household heads. This reduced their income relative to that of women in the household who were entitled to farm a certain amount of land independently, but who never received any subsidies. The subsequent rise in many women's intrahousehold bargaining power was used to secure the right to travel alone to local markets and trade independently, raising women's income and bargaining power even further. Conversations with both men and women suggest that the women benefitting most from this process have been those with the poorest husbands, and there is substantial inter-household variation in the degree of women's self-perceived empowerment.
In this paper we investigate the effects of women's empowerment in rural Senegal using a method similar to that of the type-2 studies, with an analysis of household survey data that includes both measures of empowerment and other characteristics of the women surveyed. However, our study incorporates the following novel characteristics.
(i) Our dependant variables are measures of self-reported wellbeing which are broader in scope than the specific epidemiological variables used in type-2 studies. (These broader outcomes do sometimes feature in type-3 studies, but type-3 studies focus exclusively on domestic violence.)
(ii) Among our explanatory variables, we compare measures of empowerment typical of type-2 studies with a simple alternative measure that can be interpreted in terms of the Senegal-specific observations of Perry (2005) . We also compare these measures with another alternative that is not based on the woman's self-reported level of empowerment.
(iii) Almost all type-2 studies assume that empowerment is independent of wellbeing; we 5 investigate whether our results are robust to the relaxation of this assumption.
The next section discusses the data used to construct our empowerment and wellbeing measures.
THE DATA
Our data come from the Senegalese household survey documented by Lépine (2009) 873 women and girls in the sample are married; our hypotheses concern the population of wives, so our data analysis excludes the unmarried women and unmarried girls of marriageable age. Of these 390 unmarried individuals, 89 are widows (of whom only six are below the age of 50) and 271 are never-married. The average age of those who are never-married is 21, and only six women over the age of 40 are never-married: while marriage can be delayed, it is virtually inevitable. 28 women are divorced or separated, and two women did not report their marital status.
The sample villages are located in the same general area as the villages sampled by Gaspart and 6 Platteau (2010) in order to study the economics of bride-price. 3 In their sample, 20% of marriages end in divorce (usually instigated by the woman, who returns to her parents), while in the sample used here only 3% of ever-married women are unmarried and divorced at the time of the survey.
This suggests that while divorcing one's husband is a realistic option (at least for some women), is it very rare for a divorcee to remain single.
Our main results pertain to the wives in the sample who are married and living either with their husband, or, if the husband is not living at home -for example, if he is working in the citywith a household head who is a male blood relative of the husband and who stands in the husband's place while he is away from home. (There are 691 such wives, of whom 627 gave answers to all of the relevant survey questions, a response rate of 91%.) However, the online appendix includes robustness tests using a sample that incorporates the other wives, who are living with their own blood relatives. 58% of wives in the sample are Wolof and 40% are Fula; all of the women in each household are of a single ethnicity. There are some ethnically mixed marriages, but these account for only 1% of the wives in the sample. There is also a high degree of religious homogeneity: 95% of the wives are Tijani, with the remaining 5% split equally between Mourides and Qadiris. These percentages also apply to the sample of all adults.
4,5
3 The payment of bride-price is ubiquitous in this part of Senegal. In the Gaspart-Platteau sample, the average bride-price is FCFA 40,000, while in the sample used here the geometric mean of annual per capita household income is FCFA 100,000, so the price of the average bride is neither trivial nor astronomical. The bride-price is returned to the husband in the event of divorce. Roughly half of the marriages in the Gaspart-Platteau sample are arranged by the parents and half are love matches. 4 If one includes dummy variables for mixed marriages and religious affiliation in the regression equations discussed below, the corresponding coefficients are never significantly different from zero.
5 In Senegal as a whole, 43% of the population are Wolof and 24% are Fula; 60% of the population are Tijani, 28% are Mouride, and 6% are Qadiri. Given the under-representation of minority groups in the sample, our 7 A distinctive characteristic of the survey is that it includes both questions about women's empowerment and questions about subjective wellbeing. This permits the construction of the following variables.
(i) Subjective measures of wellbeing. In the pilot study on which the survey was based, two health issues were especially salient for farmers. Firstly, they raised the issue of bodily pain (and more specifically back pain). Secondly, there were high reported levels of stress and anxiety relating to uncertainty about the success of harvests and the need to take out loans to buy agricultural inputs.
Consequently, all wives in the survey were asked the following two questions about their wellbeing: Do you feel anxious or depressed? Do you suffer from bodily pains? The possible responses to these questions are: 'often' / 'rarely' / 'never'. The proportion of wives answering 'never' to these questions is only about 10%, so for each wife we construct two binary variables as follows:
• Anxiety equals one if the response to the anxiety question is 'often', and zero otherwise.
• Pain equals one if the response to the physical pain question is 'often', and zero otherwise.
The anxiety question is similar to question 6 in the Center for Epidemiologic Studies Depression
Questionnaire (CES-D), and to the second of the two questions in the Patient Health Questionnaire (PHQ-2), which has been validated in a rural African context similar ours (Monahan et al., 2007). 6 In other parts of Africa, responses to questions about bodily pain in longitudinal samples have been shown to be strongly correlated over time with a range of physical health outcomes, including results should be seen as describing the characteristics of the two main ethnic groups (i.e. the Wolof and Fula) and the main religious group (i.e. the Tijanis).
8 fatigue and nausea (Fox et al., 2010; Rosen et al., 2014) ; there is a similarly strong cross-sectional correlation (Tolla, 2006) . We therefore have some confidence that in our sample the responses to the anxiety and pain questions capture a large part of the variation in wives' mental and physical wellbeing. Nevertheless, we will compare our results for anxiety and pain with results using a third wellbeing measure based on responses to a question asking wives to rate their own general health on a 1-10 scale, with 10 representing the best health. The use of a visual analog scale is a common technique in evaluating health status, and is employed in standardized health status instruments such as EQ-5D. Moreover, Macia et al. (2012 Macia et al. ( , 2015 show that in another Senegalese sample, responses based on a five-point scale for general health are strongly correlated with responses to other health questions, and to questions about general life satisfaction. 7 The third wellbeing measure, designated health-score, is a transformation of wives' responses to the general health question so that a score of 10 represents the poorest health: in this way, all three measures are decreasing in the wellbeing of the respondent. Table I reports descriptive statistics for the three wellbeing outcomes: the mean and standard deviation of health-score and the fraction of anxiety and pain responses equal to one.
These statistics are reported for the sample of 627 cohabiting wives for whom both the wellbeing outcomes and the covariates discussed below are reported, 8 and separately for the wives for whom only the wellbeing variables (and not the covariates) are reported. It can be seen that the wives in the sample are roughly evenly split between those who are often anxious or depressed (anxiety = 7 In addition, the meta-analysis of Subramanian et al. (2010) indicates that the visual analog scale performs well in studies similar to ours. As shown in the online appendix, subjective wellbeing in our sample is strongly correlated with objective health characteristics.
9 1) and those who are not, and between those who often experience bodily pain (pain = 1) and those who are not; the standard deviation of health-score is about twice as large as its mean. In this sense, there is substantial variation in the level of wives' wellbeing. The table also reports statistics for the larger sample of wives, including those not cohabiting. There do not appear to be any substantial differences in the descriptive statistics across the different samples. Table II reports Spearman rank-order correlations coefficients and ordinary correlations for the different wellbeing outcomes. 9 These are large and significantly greater than zero, but also significantly less than one, so the three outcomes seem to represent connected but distinct dimensions of the wives' wellbeing.
(ii) Measures of empowerment. Our first survey question relating to empowerment is motivated by the ethnographic observations of Perry (2005), which stress the significance of a wife's ability to engage in separate, gendered spheres of production: cultivating land allocated specifically to her and taking the crops to market. Even if a wife does have such land, her independence depends on the ability to leave the home when necessary. 10 The first empowerment question we use is: Can you go out without the permission of your husband? The possible responses to this question are:
'yes' / 'it depends' / 'no'. Only 7% of women answered 'yes', so we aggregate the first two categories as follows:
• Freedom equals one if the response is 'yes' or 'it depends', and zero otherwise.
Our second survey measure utilizes a series of questions which were based on those of 9 These are for the sample of cohabiting wives.
10 An alternative measure might be the total amount of time the wife spends cultivating and marketing her own crops. However, we contend that empowerment depends on when the wife is able to leave the home, and not just on the total amount of time she is permitted to spend away. The simple freedom question captures her ability to make an economically important decision.
Allendorf ( Both the freedom and decisions variables are based on the wife's own responses to the interviewer's questions. Given the concern that these responses might be influenced by the husband (or other male relative, if the husband was not living at home), the interviewer recorded the husband's (or other relative's) role and demeanour during the wife's interview. One use for this record, in addition to exploring the candour of the wives' responses, is as a direct measure of 11 empowerment. The interviewer asked to speak to the wife alone, and in some cases the husband agreed to this. In other cases the husband insisted on being present at the interview but remained passive. Finally, there were some cases in which the husband verbally intervened in the interview.
This final category constitutes only 10% of cases, so we construct a bivalent variable as follows:
• Absent equals one if the husband (or other male relative) was absent from the interview, and zero otherwise.
Absent is an alternative measure of the incidence of independent action by the wife. 11 Results using a trivalent variable are available on request, and are similar to those reported below. We take a higher value of absent to indicate that the husband (or other relative) is less inclined to monitor and control the wife's behaviour.
Descriptive statistics for the empowerment variables appear in Table I , which shows that the sample is roughly equally divided between those who have some freedom to leave the home (freedom = 1) and those who do not, and that about two thirds of husbands were absent from the interview (absent = 1). As shown in Table II , the freedom and decisions variables are quite highly correlated: the Spearman rank-order correlation coefficients are large and significantly greater than zero. However, these variables are not strongly correlated with absent: the Spearman rank-order correlation coefficients all close to zero and statistically insignificant. One possible explanation 11 One reason why there could be some measurement error in absent is that the opportunity cost of the husband's time varies across households. Some husbands may just be too busy to attend the interview. However, adding an interaction term between absent and the husband's level of education or household income does not produce a significant coefficient in our regression equations, so such measurement error is unlikely to be a major concern.
It is also possible that the husband's behaviour affects the wife's responses to the questions on which the variables freedom and decisions are based. If this is this case, and if empowerment affects wellbeing, then we should find that the interaction terms absent  freedom and absent  decisions are significant explanatory variables in the wellbeing regressions. This turns out not to be the case.
for the lack of correlation is that that absent = 1 indicates a high level of trust between husband and wife that is consistent either with gender equality or with a reliably submissive wife. Table II also shows that there are significant negative correlations between all of the (inverse) wellbeing measures and all of the empowerment measures, except for an insignificant correlation between health-score and absent. It remains to be seen whether this positive association between wellbeing and empowerment remains when we control for other determinants of wellbeing.
(iii) Other individual-specific covariates of wellbeing. Wellbeing could also depend on a wife's age, education or ethnicity, on whether she is in a polygamous marriage, or on whether she is married to the household head.
12 From responses to other survey questions we construct the following variables:
• Age is the wife's age in years.
• Writing equals one if the woman can write a letter in French (the business language of Senegal), and zero otherwise. There are also data on the woman's highest level of school enrolment, and it makes little difference which of the two measures of education is used.
• Polygamous equals one if the wife is in a polygamous marriage, and zero otherwise.
• In-law equals one if the woman is married to a male relative of the household head, and zero if she is married to the household head.
• Fula equals one if the woman Fula (39% of the sample), and equals zero otherwise.
• Other equals one if the woman is neither Wolof nor Fula (2% of the sample), and equals zero otherwise.
Since 99% of households are ethnically homogeneous, the ethnicity variables could also be regarded as household characteristics. Further analysis in the online appendix shows that the results for empowerment and wellbeing discussed below are robust to the inclusion of a larger set of individual-specific covariates.
(iv) Household-and village-level covariates of wellbeing.
Besides the individual responses, the survey also contains information about household characteristics provided by the household head. This allows us to measure household size and income, both of which have been found to affect individual wellbeing in other developing countries (Das et al., 2008) . It is also possible that wellbeing depends on the ease of access to informal social support networks and formal medical services, and these can be measured at the village level. Therefore, our model also includes the following covariates:
• Income is the log of total annual household income per adult, measured in CFA Francs.
• Adults equals the number of adults in the household.
• Dist-hospital is the distance from the village to the nearest hospital, measured in kilometres.
• Social is a village-level measure of a woman's access to informal support networks. Every woman in the survey is asked how her last healthcare expenditure was financed. For just over half of the women, the household is wealthy enough or the expenditure is small enough so that the expenditure can be financed out of pocket (or, in a few cases, by health insurance). However, for some women the health expenditure is a source of financial distress, in the sense that they have to rely on the financial support of friends or family outside the household (5% of the sample) or of a community group or tontine (8% of the sample). In the absence of such support, the healthcare expenditure is financed by the sale of property (29% of the sample). Our measure of the strength of village-level social support networks is the ratio of the number of cases in which financial support is provided to the total number of cases of distress (with either financial support or the sale of property). This second measure is denoted social.
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Sample statistics for all of the covariates appear in Table I .
[ Tables I-II here]
MODELLING THE DETERMINANTS OF SUBJECTIVE WELLBEING
The data have a nested structure (individuals within marital units within households within villages), so one can in principle fit hierarchical models of wellbeing with parameters that capture the magnitude of the unobserved heterogeneity at each level of aggregation. However, preliminary estimation of hierarchical models indicates that the only significant unobserved heterogeneity is at the household level, so the results presented below are based on random-effects regressions for individuals within households.
For the binary wellbeing measures anxiety and pain our estimates are based on probit models of the following form:
For the health-score our estimates are based on a tobit model: unit changes in x (P / x | x = 1), evaluated at the mean value of P, along with the relevant tratios. The three panels show some similarity in the estimated effects of the empowerment variables across the three wellbeing measures. In particular, there is a significant association with freedom, but the only significant decisions effect is with decisions-1 in the health-score model.
14 Because of the high correlation between freedom and decisions, the t-ratio on the decisions coefficients could be biased downwards. For this reason, Table III also includes versions of each model in which either freedom or the decisions variables are excluded: these are reported in the B and C panels. It turns out that the exclusion the decisions variables does not make a large difference to the coefficient and t-ratio on freedom. However, the exclusion of freedom substantially increases the size of the estimated decisions-1 effects in the anxiety and health-score models, and in the anxiety model the effect is now significant at the 5% level.
The negative and significant coefficients on freedom indicate that more freedom to leave the home is associated with greater wellbeing. When freedom = 1, the probability of a wife often feeling anxious or depressed is about 12 percentage points lower than when freedom = 0. The probability of her often having bodily pains is about 16 percentage points lower, and the healthscore variable is improved by about half a point (in other words, by one third of a standard deviation). When freedom is excluded from the model, the estimated decisions-1 coefficients imply that a one point improvement in this variable on its four-point scale reduces the probability of a wife often feeling anxious or depressed by about seven percentage points, and improves the health-score variable by about 0.3 points. Overall, there is some evidence that freedom is a better measure of empowerment in the models of anxiety and pain. Nevertheless, the significance of decisions-1 in some of the Table III models suggests that the dimensions of empowerment which predict specific health outcomes in type-2 studies are also relevant to more general measures of wellbeing.
Table III also shows that absent is a significant correlate of wellbeing as measured by anxiety and pain (but not by health-score). As noted above, absent represents a dimension of women's empowerment that is quite distinct from freedom and decisions. If the husband was absent from the interview then the probability of the wife often feeling anxious or depressed is about 18 percentage points lower and the probability of her often having bodily pains is about 16 percentage points lower. Since freedom and absent are not highly correlated, there are many cases in which freedom = absent = 1, and others in which freedom = absent = 0. The coefficients in Table III imply that in the latter case the probability of often feeling anxious or depressed (or of often feeling bodily pains) is around 30 percentage points higher than in the former.
Among the other explanatory variables, income, writing, adults, in-law and social are never significant at the 5% level. However, age has a consistent effect across all three models: an extra year of age adds about one percentage point to the probability of feeling anxious or depressed, or of feeling bodily pains, and worsens the health score by about 0.04 points. 15 The positive and significant coefficients on the Fula ethnicity variable suggest that Fula women have lower levels of wellbeing, on average, than Wolof women. An extra kilometre of distance between the village and the nearest hospital increases the probability of a woman often having bodily pains by about half a percentage point, but has no significant effect on the other two wellbeing variables. The probability of often having bodily pains is about 11 percentage points lower for wives in polygamous marriages, but polygamy has no significant effect on the other two wellbeing variables.
When all other covariates are excluded from the regression equations, the estimated coefficients on freedom and absent are very similar to the ones reported in Table III . This suggests that the effect of empowerment on wellbeing is not through these other covariates.
[ Table III here]
One potential concern with the results in Table III is that empowerment, education and income might be endogenous to empowerment. In online appendix we present Instrumental
Variables estimates that allow for such endogeneity, using distance to the nearest high school and information on agricultural productivity shocks as instruments for education and income, and 15 Adding (age) 2 to the model produces a coefficient that is insignificantly different from zero.
village-level ethnic diversity variables as instruments for empowerment (following . The IV estimates of the effects of freedom and absent on the wellbeing variables are almost identical to those in Table III , which suggests that the endogeneity of empowerment is not a serious concern in this context. Moreover, while social is not a significant determinant of wellbeing (conditional on other individual, household and village characteristics), it is a significant determinant of absent (with a positive effect). This suggests that the strength of village-level social support networks has an indirect effect on a wife's wellbeing.
One question that we have not addressed directly relates to the proximate determinants of of resources. However, there is no significant correlation between any of the wellbeing variables and control: in other words, the wife's control of resources is not generally associated with wellbeing as we have measured it. This implies that control of consumption is not the main channel through which empowerment influences wives' wellbeing, and that some other channel (perhaps better general treatment by the husband as a consequence of greater bargaining power) is important.
DISCUSSION
Analysis of survey data from rural Senegal indicates that the effects of women's empowerment on their subjective wellbeing are large. A wife's education and the income level of her household have no significant effect on her wellbeing, but a wife who cannot leave the house without her husband's permission, or cannot speak to an interviewer unless he is present, is much more likely to report a poor level of mental and physical health. This evidence complements existing work on the factors that drive variation in levels of empowerment (for example, De , and suggests that empowerment should receive at least as much attention as more traditional development goals.
The significance of empowerment here is consistent with other studies, which show that empowerment is associated with better access to medical care and better health outcomes for their children. The insignificance of household income is more surprising, and one might suspect that this is explained by a low correlation between household income and the resources available to a wife. This would be the case if, for example, few women had any control over household resources and positive shocks to household income were associated only with higher consumption by men.
However, it also appears that in our sample, even though the wife's degree of control over household consumption is significantly correlated with our measures of empowerment, it is not 20 significantly correlated with her self-reported wellbeing. An alternative explanation may lie with the sentiments expressed by Wolof women to Perry (2005) :
'Although her husband is the richest man in the village, Ndey proclaimed that she would rather be in her sister's marriage to a poor farmer than in her own to a rich man. Another woman observed, "Those without money [are] the ones who take best care of their wives."' Perry also notes that low household income is viewed as a legitimate reason for a wife to return to her parents and seek a divorce. These social conventions may mean that there is unobserved heterogeneity in husbands' behaviour which is correlated with household income: higher income is associated with a greater sense of entitlement on the part of the husband and worse treatment of his wife/wives, offsetting any benefit to the wife/wives through higher consumption. In our sample there is no significant correlation between women's empowerment and household income, 17 so the variation in the quality marital relationship would have to be in some dimension other than empowerment. This is a subject for further study.
The evidence presented here stands at odds with the cross-country evidence for a positive correlation between empowerment and per capita income (Doepke et al., 2012) . One possible explanation for the difference is that the cross-country variation in both income and empowerment is much greater than the within-country variation, and that with sufficiently large changes a positive association can be expected to appear. However, cross-country studies abstract from country-level heterogeneity that may make the association stronger or weaker. It cannot be assumed that economic development (narrowly defined) will inevitably lead to improvements in women's empowerment and wellbeing, and there is some reason to suppose that our findings may 17 The Spearman rank-order correlation coefficients are 0.01 for income and freedom, 0.07 for income and decisions-1, and -0.02 for income and absent.
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apply to a wider range of countries. Senegal is a country in which modernization has led to some challenging of the traditional values that limit female empowerment, but these traditions are still highly persistent, especially in rural areas, leading to substantial inter-household variation in attitudes towards empowerment. Evidence from a wide range of countries points to the persistence of cultural traditions alongside modernization (Inglehart and Baker, 2000) , so the patterns observed in Senegal may well appear elsewhere. In this case, the effective development policy will require robust individual-level measures of empowerment and wellbeing independently from economic outcomes, with policy interventions targeted explicitly at these outcomes. Table A1 shows the results of fitting the models of anxiety, pain and health-score to the full sample of wives, including those who are not cohabiting. (The relevant descriptive statistics for the full sample appear in Table I of the main text.) There is one additional explanatory variable:
wife-of-head = 1 if the wife is married to the household head, and zero otherwise. Comparing Table A1 with Table III Table A1 than in Table III , but still all significant at the 5% level. Other effects of empowerment are virtually identical in the two tables.
Appendix 2: Allowing for the Endogeneity of Empowerment, Consumption and Education
It is possible that consumption and education are endogenous to wellbeing, because wellbeing affects a woman's cognitive ability and labour productivity. It is also possible that the level of empowerment is endogenous. Wellbeing might affect a woman's ability to negotiate with her husband; it might also affect her choice of husband and therefore the magnitude of the difference between spouse preferences and the extent to which the husband feels the need to impose his will on her. In order to control for endogeneity, we can fit a first-stage model of the empowerment, consumption and education variables conditional on a set of instruments excluded from the secondstage wellbeing model. We will discuss the first-stage model, and then explain how controlling for endogeneity changes the results of the wellbeing model. The following results are based on a model corresponding to the B columns in Table III , excluding the decisions variables.
A2

Instruments for empowerment, income and education
The instruments for empowerment are based on previous work in Senegal which suggests a link between ethnic diversity at the village level and a lower prevalence of traditional social attitudes (Bernard et al., 2008; . 18 First of all, we note that there is substantial should exhibit higher levels of freedom on average, so our first variable is constructed as follows:
• Fula-minority equals one if the woman is Fula (or of other non-Wolof ethnicity) and living in a Wolof-majority village, and equals zero otherwise.
A3
Possibly Fula women in Fula-majority villages also differ from those in Fula-only villages, but the Fula-majority sample is too small to test this.
Finally, we construct a variable to capture the effect of the ethnic mix of the village on the extent of traditional social pressure on Wolof women. It is very rare for a married Wolof woman to live in a Fula-majority village, and the second variable reflects this asymmetry. We hypothesize that Wolof women in villages with some Fula presence are less subject to traditional social pressure, and construct the following measure:
• Wolof-share equals the fraction of Fula in the village if the woman is Wolof, and equals zero otherwise.
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Descriptive statistics for Fula-minority and Wolof-share appear in Table A2 . We anticipate that larger values of either variable will both be associated with a higher probability of freedom = 1.
However, they may also be associated with a lower probability of absent = 1, because a husband might tend to trust his wife less if she is under less outside pressure to conform to traditional social norms.
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Using Fula-minority and Wolof-share as instruments implies an exclusion restriction:
conditional on the other variables in the wellbeing model, the ethnic composition of a woman's village is assumed to have no direct impact on her wellbeing. In this context, it is important to remember that the wellbeing model includes variables that capture both the woman's own ethnicity (Fula and other) and the level of social support for women of that ethnicity in the village (social). 20 The upper 95 th percentile of the distribution of this fraction is 0.25. There are just a handful of observations between 0.25 and 0.99 (reflecting the rarity mentioned in the previous paragraph), but these observations make the distribution highly skewed. The Wolof-share measure used in the results reported here is trimmed at 0.25.
21 Fula-minority and Wolof-share are not very highly correlated: the Spearman rank order correlation coefficient is -0.24.
A4
In fact, both Fula-minority and Wolof-share are significantly correlated with social (p < 0.01), but this does not mean that the exclusion restriction is violated, even if wellbeing does depend directly on the level of social support, because social is included in the second-stage model.
Household consumption may also be endogenous to wellbeing, because consumption depends on income, income depends on the wife's labour productivity, and productivity depends on wellbeing. Our instrument for income is based on an income shock that occurred in the year of the survey. Civil engineering work in the area of the survey led to salt contamination in the water used to irrigate some farms, and these farms suffered unusually low productivity levels in the survey year. Our instrument is as follows:
• Salt equals one if the farm was affected by salt contamination, and zero otherwise.
Our instrument for writing is based on the proximity of the village to the nearest high school. High school education has been an option for the youngest women in the survey, but distances to the school range between zero (when there is a school in the village) and 50km. The instrument is as follows:
• Dist-lycee is the distance from the village to the nearest high school, measured in kilometres, if the woman is aged 25 or under, and equals zero otherwise.
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Identification of the effect of writing on wellbeing relies on an exclusion restriction: conditional on the other variables in the wellbeing model, distance to the nearest high school affects wellbeing only through its effect on education. Distance to the high school is correlated with distance to other amenities, but recall that the second-stage model also includes dist-hospital. Conditional on the 22 It does not matter whether the model also includes an indicator variable for whether the woman is aged 25 or under. In both the wellbeing models and the writing model, the point estimate of the coefficient on this indicator variable is very close to zero, and the corresponding t-ratio is less than 0.1.
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distance to healthcare amenities, it is unlikely that the distance to school has a direct effect on wellbeing.
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In order to show that the variables Fula-minority, Wolof-share, salt and dist-lycee are strong instruments, Table A3 includes reduced-form models of the four endogenous regressors.
For freedom, absent and writing, these are random-effects probit models:
Here, the ,  and  terms are parameters to be estimated, and zik is the value of the k th explanatory variable for the i th woman. The terms  j,  j and  j capture unobserved heterogeneity in the j th household. For the household-level variable income, a least-squares model is used:
Here, zjk stands for the household average value of zik and the  terms are parameters to be estimated.
The parameter values in Table A3 should be interpreted with some caution, since they represent reduced-form estimates. Nevertheless, we can see that the coefficient on Fula-minority is significant at the 1% level in the freedom equation, while the coefficient on Wolof-share is 23 Adding a variable capturing the distance to the nearest clinic makes no substantial difference to our results.
24 Equations (A1-A3) can also be fitted simultaneously using a multivariate probit model. However, the error terms in such a model have correlations that are very close to zero and statistically insignificant.
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significant at the 5% level in the absent equation. As anticipated, the first of these coefficients is positive and the second is negative: ethnic diversity is associated with more cases of freedom = 1 but fewer cases of absent = 1. Also as anticipated, there are negative and significant coefficients on dist-lycee in the writing equation and on salt in the income equation. Across the four equations, the four instruments are jointly significant at the 5% level. Another interesting feature of Table A3 is that higher values of social are associated with a significantly higher expected of absent. In a village with a maximal value of social = 1, the probability that absent = 1 is about 36 percentage points higher than a village in which social = 0. This suggests that better social support networks are associated with less frequent monitoring of the wife's behaviour by the husband. This is consistent with , who find that support networks raise empowerment in a sample of Indian women. Even if these networks have no significant direct effect on wellbeing, they can still have an indirect effect.
The wellbeing model
We have three binary endogenous regressors and one continuous endogenous regressor. In order to control for endogeneity in the wellbeing models, we adapt the method outlined in Arendt and Holm (2006) . First of all, we fit probit models of freedom, absent and writing, plus a least-squares model of income. Then the parameters in the probit / tobit models of the wellbeing variables are estimated using the fitted values from the income equation in place of the observed values of income, and adding the three Inverse Mills ratios from the first-stage probit models (denoted  A7 freedom,  absent, and  writing).
25 Standard errors on the parameters are estimated using a bootstrap.
26 Table A4 reports the results for each of the three wellbeing models.
The use of instrumental variables does reduce the precision of the parameter estimates in Table A4 , and the only explanatory variables associated with significant effects are freedom, absent and age. Nevertheless, all of the empowerment effects that are significant at the 5% level in Table III remain so in Table A4 : freedom and absent in the anxiety and pain models and freedom in the health-score model. The corresponding marginal effects in Table A4 are very similar to those in Table II , showing that greater empowerment leads to a substantial improvement in wellbeing.
Appendix 3: Additional Determinants of Wellbeing
From the results so far, it is unclear whether empowerment influences subjective wellbeing through an effect on the woman's physical health, or rather that empowerment influences subjective wellbeing independently of the woman's physical health. One way to see whether empowerment influences wellbeing through a woman's physical health is to add measures of physical health status to the wellbeing models. If the main channel for the empowerment effect is through physical health, then the addition of these measures should substantially reduce the 25 If there were significant correlations between the error terms in the first-stage probit models, then the correction for endogeneity here would be rather more complex. However, as noted in footnote 22, these correlations are very close to zero. 26 There is a concern that in a Heckman-type model, any correlation between the household random effects and the individual-level explanatory variables will lead to inconsistent parameter estimates. However, as suggested by Zabel (1992) , conditioning all of the regression equations on the mean values of individual characteristics can remove this correlation and mitigate the biases that would otherwise arise. When these mean values are added to the regression equations, the results are similar to those reported in Tables A3-A4. A8 coefficients on freedom and absent. For this reason, Table A5 shows the results from a set of extended models that include the following individual characteristics:
• Dif-walk equals one if the wife can walk five kilometres (but not easily), and equals zero otherwise.
• Not-walk equals one if the wife cannot walk five kilometres, and equals zero otherwise.
• Illness equals one if the wife suffers from a chronic illness, and zero otherwise.
• Kids indicates how many children (aged under 18) the wife has.
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Relevant descriptive statistics for these variables appear in Table A2 . The results in Table A5 should be treated with some caution, since we do not have any instruments to control for the endogeneity of these variables. Nevertheless, comparison of Tables III and A5 provide some indication of whether the empowerment effect operates through a physical health channel.
The estimated coefficients on freedom and absent in Table A5 are very similar to those in Table III . In other words, the effect of empowerment on subjective wellbeing is not accounted for by an association between empowerment and physical health. Rather, for a given level of physical health, empowerment improves the woman's mental health and her own estimate of her wellbeing.
This result is consistent with the fact that freedom and absent are not significantly correlated with dif-walk, not-walk, illness or kids.
Nevertheless, Table A5 shows that better physical health is associated with improvements in all dimensions of subjective wellbeing. There are significant positive coefficients on dif-walk, not-walk and illness in all three wellbeing models. If these are interpreted as causal effects, then 27 It is also possible to include the total number of children in the household as an extra explanatory variable, and kids interacted with in-law and polygamy. The coefficients on these variables are never significantly different from zero.
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having a chronic illness adds about 20 percentage points to the probability that a woman will often feel anxious or depressed and 15 percentage points to the probability that she often feels bodily pains; it worsens her subjective health score by about one point. The effects of not being able to walk five kilometres (compared with being able to walk this distance easily) are slightly larger.
However, the number of children has a significant effect only in the pain model, an extra child raising the probability that pain = 1 by about two percentage points. Note also that the marginal effects for easily-walk and illness are of a similar magnitude to those for freedom and absent:
roughly speaking, the effect on subjective wellbeing of having a high level of freedom and absent is similar to the effect of being able to walk a reasonable distance and being free from chronic illness. Moreover, since the coefficients on income and writing are statistically insignificant and close to zero, there is some reason to think that empowerment matters more for wellbeing than income and education. 
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